Changes in soil physical properties are inherent in land use, mainly in superficial layers. Structural alterations can directly influence distribution, stability and especially morphometry of soil aggregates, which hence will affect pore system and the dynamic process of water and air in soil. Among the methods used to measure these changes, morphometry is a complementary tool to the classic methods. The aim of this study was to evaluate structural quality of a Latosol (Oxisol), under different management systems, using morphometric techniques. Treatments consisted of soil under no-tillage (NT); pasture (P), in which both had been cultivated for ten years, and an area under native vegetation (NV -Savannah like vegetation). Aggregates were sampled at depths of 0-0.10 and 0.10-0.20 m, retained on sieves with 9.52 -4.76 mm, 4.76 -1.0mm, 1.0 -0.5mm diameter ranges. Aggregate morphometry was assessed by 2D images from scanner via QUANTPORO software. The analyzed variables were: area, perimeter, aspect, roughness, Ferret diameter and compactness. Moreover, disturbed samples were collected at the same depths to determine particle size, aggregate stability in water, water-dispersible clay, clay flocculation index and organic matter content. It was observed that different soil management systems have modified soil aggregate morphology as well as physical attributes; and management effects' magnitude increased from NT to P. Key words: Image analyses, soil structural quality, conservationist management systems
Introduction
Current agriculture's greatest challenge is to seek sustainability or new balance conditions in production system, which concerns, among others, a conservation management. Soil management practices influence on soil structuring, i.e., they affect aggregate size, distribution and stability, in addition to soil particle shape and adhesion (OLZEVISKI et al., 2004) . Therefore, knowing soil structural quality and its variation throughout the time is crucial to predict such effects (VIANA et al., 2004) . This way, several researches have been carried out to draw structural quality indexes by monitoring the effects of management practices on soil physical, chemical, water and biological attributes (BERGAMIN et al., 2010; LIMA et al., 2012; OLIVEIRA et al., 2004; SEVERIANO et al., 2009) ; besides organic matter dynamic along its profile (COSTA JUNIOR et al., 2012; SILVA et al., 2013; TIRLONI et al., 2012) .
For the quantitative understanding of soil structure, a good index to evaluate the soil quality should be grounded in aggregates image analysis. Such technique, known as morphometry, enables aggregate characterization according to geometric forms (main axes relationship), it can be performed by means of 2D image processing techniques, which have low cost and are easy to handle (CREMON et al., 2011; OLSZEVSKI et al., 2004; VIANA et al., 2004) .
Furthermore, image analyses have high power prediction to detected changes on soil aggregate morphology, enabling a numerical expression of the structure form and size; not only for descriptive purposes, but also to perform quantitative studies of several factors, even particle or fragment final shape (CREMON et al., 2009 ).
Additionally, it noteworthy to mention that proper morphometric conditions will be find in soils under original vegetation; since it has no human action and increased organic matter level, contributing to structure stability (COSTA JUNIOR et al., 2012; SALTON et al., 2008; TIRLONI et al., 2012) . Unfortunately, these conditions change when inserted into a productive process and which therefore changes soil structuring at different magnitude levels (OLIVEIRA et al., 2004; SEVERIANO et al., 2009 ).
Given the above, this study aimed to evaluate the structural quality of an Oxisol (Latosol) under different management systems by means of morphometric analyses.
Material and Methods
The study was performed in an experimental area located on MS-270 Road, km 8, in the city of Dourados -MS, Brazil with the 22º 12' 39.17" S and 54º 54' 28.44" W geographical coordinates, at an altitude of 430 m. As seen in Table 1 , the soil was classified as a clayey dystroferric Red Latosol (Oxisol), LVdf type, by the Embrapa (2013). The climate was defined according to Köepen's classification as Cwa (mesothermal humid subtropical, with hot summers and dry winters) (FIETZ; FISCH, 2008) .
The experimental area was composed of two management systems and another area under environmental protection. One area has been cultivated under no-tillage system (NT) for 10 years with crop rotations (soybean/ oat during the first five years and soybean/ winter corn within the last five ones). The other area has been grown with pasture (P) of Brachiaria decumbens for 10 years of intensive grazing at a stocking rate of one animal per hectare, for one year; this area has no record of fertilization and degradation signs. Lastly, one area under environmental preservation (NV: clean savannah -Cerrado, secondary tropical forest) used as control treatment (HEID et al., 2009 ). Trenches of 0.40 x 0.40 x 0.30 m were dug at five random points for each treatment. Wherein, disturbed soil samples were collected at 0-0.05, 0.05-0.10 and 0.10-0.20 m depths for physical characterization. Morphometric analysis was performed using soil block samples (0.15 m x 0.10 m x 0.10 m) collected at 0-0.10 and 0.10 to 0.20 m depths due to structural similarity observed by visual assessment of the soil profile for the upper depths.
After sampling, soil blocks were placed on a standard set of sieves with mesh size ranges of 9.52 to 4.76 mm, 4.76 to 1.0 mm and 1.0 to 0.5 mm. We gently wiggled the set back and forth ten times. Next, the aggregates retained on each sieve were packaged in a flat, rigid plastic container wrapped by two layers of cotton (cover and bottom) to minimize damages to the original structure during transportation. Then, these samples were air dried before being subjected to image analysis.
Aggregates started to be analyzed after attaining 2D images from a flatbed scanner (HP Scanjet 6000C), with an optical resolution of 1200 dpi. Hereupon, the images were processed by QUANTPORO software (VIANA et al., 2004) .
One sample of each depth containing 60 aggregates of each size was spread out over the scanner; a wooden frame designed with staggered openings had separated aggregate sizes. We used a 300 dpi resolution for aggregates of 4.76-1.0-mm and 9.52 to 4.76 mm classes and 600 dpi for 1.0 to 0.5 mm.
QUANTPORO has a capacity to process and analyze various images and also measure or assess morphometric characteristics of any object. It was performed digitalization, using a RGB system (red, green, blue); next, a median filter that changes each pixel value by neighbor pixels median filtered the images. This filter main effect play an important role in reducing isolate pixels, which can cause image noise and result in errors, especially regarding perimeter measurement.
All images were converted into binary format [0, 1] , in other words, in black and white colors by way of a thresholding process, with posterior image processing through calibration plugins (spatial resolution) and QUANTPORO software classification ( Figure 1 ).
Aggregate analyzed variables were: area -AR (number of pixels within the polygon); perimeter -PER (aggregates length of the exterior limit as edges); aspect ASP (shows the result between 0 and 1, and when higher, its adjustment); roughness ROU (varying with aggregate surface roughness from 0 to 1, being flatter as value increases); Ferret diameter -F (circle diameter of an object with same area). Disturbed samples were air dried and sifted through a 2-mm mesh sieve to determine grain size using pipette method, water-dispersible clay (WDC), flocculation degree (DF) and organic matter content (OM). Aggregate stability index was calculated using block samples, analyzing the geometric mean diameter (GMD) (EMBRAPA, 2011).
The experimental design was entirely randomized in a split-plot system of 3x3 (3 morphometry treatments per 3 meshes) and 3x2 (3 physical attributes and 2 depths) with five replications, in which plots stood for management systems and subplots for depths, and Tukey's test (p < 0.05) was performed for both factors by means of SISVAR software.
Results and Discussion
Management systems presented significant differences among them for all physical attributes,
The Feret diameter is calculated through the following formula:
wherein, Compactness (CMP) provides object circularity, and ranges with major axis length. This value varies from zero to one and, if it is equal to one, it may imply in complete aggregate roundness. It is calculated by the formula: OLSZEVSKI et al., 2004) . Disturbed samples were air dried and sifted through a 2-mm mesh sieve to determine grain size using pipette method, water-dispersible clay (WDC), flocculation degree (DF) and organic matter content (OM). Aggregate stability index was calculated using block samples, analyzing the geometric mean diameter (GMD) (EMBRAPA, 2011).
Management systems presented significant differences among them for all physical attributes, including the morphometric variables ASP, CMP and ROUN. However, it was not observed for the other morphometric variables, even considering the good detail level of aggregate border analysis that eases the detection of slight variations (OLSZEVSKI et al., 2004) .
The water-dispersible clay (WDC) was homogeneous along the soil profile, but varying with treatment showing the lowest WDC values for P, followed by NV compared with NT. It is worth reminding that the NT is already consolidated (after 10 years of planting). Although soil has not been inverted (BERGAMIN et al., 2010; BRAIDA et al., 2008) as in conventional planting, there is little soil inversion on planting line, besides liming and phosphate fertilization that might have caused clay dispersion ( Table 2) . Regarding P environment, it must be considered the action of the large and dense grass roots, which contribute to organic matter raise with depth. This fact directly implies in higher stability of soil aggregates and justifies higher flocculation degree (DF) and geometric mean diameter (GMD) values in P (COSTA JUNIOR et al., 2012; LIMA et al., 2012; SEVERIANO et al., 2009 ).
As shown in Table 2 , there was a DF increment in the management systems that followed the order: NV = P > NT. This result is related to grass and other vegetal coverings that benefit soil structure stabilization with their fascicular root system as aforementioned; they promote a soil particle entanglement (COSTA JUNIOR et al., 2012; SALTON et al., 2008) .
As stated by Silva et al. (2000) , the greatest DF at subsurface layers cannot be solely attributed to organic matter content, but also to soil genesis and mineralogy. Nevertheless, it is truly observed an influence of OM on the DF, which decreases with OM reduction (ROSA JUNIOR et al., 2006) . Table 2 also shows a GMD increment that followed the sequence: NV > P > NT, corroborating Silva et al. (2013 Silva et al. ( , 2006 results. Lack of human interference and elevated OM content in NV might be possible explanations for GMD increase (Table 3) . Once OM fractions act in soil structure stabilization (SALTON et al., 2008; SLEUTEL et al., 2012) by enhancing bond strength of mineral particles, which play an important role in aggregate stabilization and formation (BRAIDA et al., 2008; COSTA JUNIOR et al., 2012) . Larger aggregates are usually indicative of good quality, once they own a well pore size distribution.
It is noteworthy mention that the management systems and depths had variations in OM content, as shown in Table 3 . The greatest OM content was found in NV at 0-0.05 and 0.05-0.10 m depths, followed by contents in P and NT. With respect to depths, OM decreases from P to NV and NT.
The pasture had greater OM content compared to NT at 0.010-0.20-m depth. Soares et al. (2005) reported that grass root system has an intense turnover rate, boosting the production of mucigels (exocellular polysaccharides by microorganisms), which favors soil aggregation mostly in long periods, as we observed in P area it's had more than ten years in this same management. It is important to highlight that OM increase is reflected on DF and GMD values as seen in P area.
The aggregate surface indexes obtained by 2D image analysis, such as aspect (ASP, rounding degree), roundness (ROUN) that refer to surface roundness (CARVALHO et al., 2010) and compacity (CMP) that predicts how round is an aggregate (OLSZEVSKI et al., 2004) . They were most predictive with regard morphological changes of aggregates promoted by management systems (Figure 2) . grass root system has an intense turnover rate, boosting the production of mucigels (exocellular polysaccharides by microorganisms), which favors soil aggregation mostly in long periods, as we observed in P area it's had more than ten years in this same management. It is important to highlight that OM increase is reflected on DF and GMD values as seen in P area. Means followed by the same lowercase letter in the column do not differ from each other by Tukey's test (p < 0.05).
The aggregate surface indexes obtained by 2D image analysis, such as aspect (ASP, rounding degree), roundness (ROUN) that refer to surface roundness (CARVALHO et al., 2010) and compacity (CMP) that predicts how round is an aggregate (OLSZEVSKI et al., 2004) . They were most predictive with regard morphological changes of aggregates promoted by management systems (Figure 2 ). When compared to the other areas, P showed the greatest change in aggregate form (CMP). It is known that those indexes ranging from 0.70-0.85 refer to aggregates with square geometry predominantly, When compared to the other areas, P showed the greatest change in aggregate form (CMP). It is known that those indexes ranging from 0.70-0.85 refer to aggregates with square geometry predominantly, but tending to a round shape, or with rounded vertices (ASP), and smooth surface (ROUN) (CARVALHO et al., 2010) .
In our study, these indexes ranged from 0.70 to 0.85 (Figure 2 ), similar to those detected by Cremon et al. (2011) , who evaluated rice production systems (conventional, dry, rotational). These authors observed more rounded aggregate in conventional system (> 0.80) and more edged in rotational one (<0.80). However such values were near the ones found by our study in NV, it's reflects the beneficial effects of minimum soil turning and OM increase provided by NT as well as the grass effect on OM replacement in P.
In NT, morphometric variables pointed out for aggregates with striated surfaces and undefined forms, which enables a random structure organization (mismatched), increasing porosity and, as a result, an enhanced water and air flow (CARVALHO et al., 2010; CREMON et al., 2011) .
Although good physical condition had been found in P soil (Table 2) , it was not reflected into the aggregate morphology, which had various forms (ASP: ± 0.85, ROUN: ± 0.79, CMP: ± 0.03) tending to become round (Figure 2 ). This trend may be due to animal and forage management (IMHOFF et al., 2000) , as by root system action in aggregation levels (SALTON et al., 2008) . In other words, this area will present larger degradation state than the others, if it continues being handled under the same intensive management system. Upon examining aggregate size separately, according to the pre-established range of this study (9.52-4.76 mm; 4.76-1.0 mm; 1.0-0.5 mm), it was possible to detect morphometric differences among systems by aggregate dimensions. Aggregates retained on the 9.52-4.76-mm sieve (Table 4) in P had the greatest values of ASP, CMP and ROUN; probably because of grazing pressure (CONTE et al., 2007; IMHOFF et al., 2000) and lack of pasture management, once degradation signs were visible (exposed soil and forage nutrient deficiency). They promoted surface deformation of the bigger aggregates, despite values being still near those of NV. For aggregates with 4.76-1.00-mm diameter, ROUN was the only attribute that showed a significant difference among management systems, with the largest value found for P to increase smoother aggregates. Contrarily, for 1.00-0.5-mm diameter aggregates, ASP was the one to present round shape of aggregates, which is expected because of the small size. They showed higher values for P and NV, which may correspond to combined different effects that were not isolated. As an example, the gibbsite predominance within clay mineralogy that stimulates pseudo-silt formation (VITORINO et al., 2003) , and OM type and amount, since both areas showed good content of it (Table 3) , and it can give greater elasticity to aggregates (BRAIDA et al., 2008) .
Aggregate dimensions had different ranges, such as AR that varied from 0.005 to 0.400 cm², PER from 0.27 to 2.68 cm² and F from 0.08 to 0.72. Nonetheless, surface indexes (ASP, ROUN and CMP) ranged from < 0.03 to > 0.80 (non-dimensional) within the sieving ranges. It is expected that smaller aggregates are more round than spindled, as seen in this study (Table 4 , Figure 3) . For aggregates with 4.76-1.00-mm diameter, ROUN was the only attribute that showed a significant difference among management systems, with the largest value found for P to increase smoother aggregates. Contrarily, for 1.00-0.5-mm diameter aggregates, ASP was the one to present round shape of aggregates, which is expected because of the small size. They showed higher values for P and NV, which may correspond to combined different effects that were not isolated. As an example, the gibbsite predominance within clay mineralogy that stimulates pseudo-silt formation (VITORINO et al., 2003) , and OM type and amount, since both areas showed good content of it (Table 3) , and it can give greater elasticity to aggregates (BRAIDA et al., 2008) .
Aggregate dimensions had different ranges, such as AR that varied from 0.005 to 0.400 cm², PER from 0.27 to 2.68 cm² and F from 0.08 to 0.72. Nonetheless, surface indexes (ASP, ROUN and CMP) ranged from < 0.03 to > 0.80 (non-dimensional) within the sieving ranges. It is expected that smaller aggregates are more round than spindled, as seen in this study (Table 4, Figure 3) . It was found that ASP and ROUN were the best predictors; and by means of their frequency distribution, they were divided into nine classes, in all management systems. Moreover, we checked a greater frequency of aggregates > 0.88 for ASP and > 0.73 for ROUN in all systems, it can be related both to grass root action for soil structuring (IMHOFF et al., 2000; SALTON et al., 2008; TIRLONI et al., 2012) and to the management adopted, as stated by Carvalho et al. (2010) , these values represent aggregates of cubical shape with surface grooves and spindled edges; however, being on transition to a round and flat form ( Figure   3 ).
The management systems changed aggregate morphology. It could be clearly explained by aggregate form, period and used management system. In addition, such changes have actually occurred, despite being a Latosol aggregates, which is a fairly weathered soil with granular structure that is considered very stable and homogeneous, especially in diagnostic horizon (FERREIRA et al., 1999; It was found that ASP and ROUN were the best predictors; and by means of their frequency distribution, they were divided into nine classes, in all management systems. Moreover, we checked a greater frequency of aggregates > 0.88 for ASP and > 0.73 for ROUN in all systems, it can be related both to grass root action for soil structuring (IMHOFF et al., 2000; SALTON et al., 2008; TIRLONI et al., 2012) and to the management adopted, as stated by Carvalho et al. (2010) , these values represent aggregates of cubical shape with surface grooves and spindled edges; however, being on transition to a round and flat form (Figure 3 ).
The management systems changed aggregate morphology. It could be clearly explained by aggregate form, period and used management system. In addition, such changes have actually occurred, despite being a Latosol aggregates, which is a fairly weathered soil with granular structure that is considered very stable and homogeneous, especially in diagnostic horizon (FERREIRA et al., 1999; SEVERIANO et al., 2013) .
It is worthy to mention that the adopted systems, with agricultural practices that favor soil structure preservation such as: vegetal covering, OM increase, little soil inversion (NT) and low animal stocking rate (P), have contributed to soil physical quality improvement. Such fact can be assured by physical and morphological attributes evaluated; however, physical attributes did not reflect on aggregates morphology, and such alteration has just been detected by 2D image analysis of them, which becomes an effective tool for prediction of sustainability in agricultural systems.
Conclusion
The different management systems modified the morphology of soil aggregates, as well as their physical attributes. There were positive effects on attributes in pasture and negatives concerning their morphology. Soil aggregates under pasture had flatter and rounder surfaces compared to those under no-tillage and native vegetation.
